KcsA is a proton-activated, voltage-modulated K ؉ channel that has served as the archetype pore domain in the Kv channel superfamily. Here, we have used synthetic antigen-binding fragments (Fabs) as crystallographic chaperones to determine the structure of full-length KcsA at 3.8 Å, as well as that of its isolated C-terminal domain at 2.6 Å. The structure of the full-length KcsA-Fab complex reveals a well-defined, 4-helix bundle that projects Ϸ70 Å toward the cytoplasm. This bundle promotes a Ϸ15°bending in the inner bundle gate, tightening its diameter and shifting the narrowest point 2 turns of helix below. Functional analysis of the full-length KcsA-Fab complex suggests that the C-terminal bundle remains whole during gating. We suggest that this structure likely represents the physiologically relevant closed conformation of KcsA.
P
otassium channels are ubiquitous integral membrane proteins found in all kingdoms of life. They play a critical role in setting electrical excitation in nerve and muscles and are involved in a wide range of important physiological processes, including epilepsy, diabetes, and cardiac dysfunction (1) .
KcsA, a potassium channel from Streptomyces lividans, has attracted extensive attention because of the sequence similarity of its pore-forming region to eukaryotic channels. The channel is a tetramer consisting of 2 domains: a transmembrane (TM) portion of 120 residues and a cytoplasmic domain of about 40 residues. Crystal structures of a truncated form of KcsA lacking the Cterminal domain (residues 125-160) have been critical in establishing models for K ϩ selectivity and permeation (2, 3) and provided insights in analyzing the mechanisms of activation (4-6) and inactivation (7) gating.
Almost all known ion channels, including KcsA, contain cytoplasmic domains that affect channel function in different ways. For instance, Kir6.2 gating in pancreatic beta cells is modulated by ATP binding to its cytoplasmic domain (8) . Ca 2ϩ activates several different K ϩ channels through binding intracellular domains regulating K ϩ conductance (9) . The cytoplasmic domain of Kir2.1 is involved in modulating the inward rectification (10) . In KcsA, removal of the C-terminal cytoplasmic domain affects channel thermal stability, promotes higher basal activity (11, 12) , and reduces the efficiency of channel folding and assembly (13) . This suggests that the cytoplasmic portion of the channel contributes to the stability of the closed state, but the mechanistic nature of these functional effects has remained elusive in the absence of a highresolution structure of full-length (FL) KcsA.
Previous EPR studies have shown that in a native-like environment, the C-terminal domain is formed mainly by a bundle of ␣-helices extending linearly toward the cytoplasm (11) , and this model has been confirmed in detergent by X-ray, Neutron scattering data (14) , and solution NMR (15, 16) . However, efforts to crystallize FL KcsA have not been successful. This is presumably because of inherent flexibility in the C-terminal cytoplasmic domain structure (11) . Thus, the high-resolution details of this structure, the nature of their intersubunit interactions, and how this C-terminal domain contributes to (or influences) the activation gating conformational changes are still to be determined.
Based on the low-resolution model (11) , the extended nature of the C-terminal domain KcsA (CDKcsA) and its intrinsic flexibility make crystallization of the FL molecule improbable. To overcome these obstacles, we introduce a set of new technologies based on the use of synthetically derived antigen-binding fragments (Fabs) that can be used as crystallization chaperones. These bind tightly and specifically to a target molecule to promote its crystallization and provide phasing information. The technical breakthrough that forms the foundation of our method is an innovative synthetic antibody library design that employs a ''reduced genetic code'' to produce synthetic Fabs to an extraordinarily broad range of molecular entities (17, 18) .
Here, we report the crystal structure of FL KcsA in complex with an antibody fragment at 3.8 Å, which reveals that the CDKcsA is a well-ordered, canonical, 4-helix bundle structure that extends 70 Å away from the membrane. By using electrophysiology, we show that in the presence of the Fab chaperone, KcsA is able to gate, and ion permeation is not affected. We have also solved the structure of the C-terminal domain alone (residues 129-158) in complex with another synthetic Fab at 2.6-Å resolution and showed that it can be directly superimposed on the FL domain with virtually no changes. This provides direct structural evidence that the Fabs do not induce structural changes in the C-terminal domain of the molecule. We propose that the present FL structure likely represents a physiologically relevant model of the closed state of the KcsA K ϩ channel.
Results
Fab Library Design and Selection. Crystallization of FL KcsA was accomplished by using chaperone-assisted crystallization (19) , aided by the use of a combinatorial phage display library that employs a ''reduced genetic code'' to produce synthetic Fabs. The library was designed to introduce limited sequence diversity into 4 of the 6 complementarity-determining regions (CDRs)-L3, H1, H2, and H3-in the Herceptin Fab scaffold that had been engineered for improved display and stability (see SI Methods). Highaffinity Fabs to the FL KcsA were obtained by using a solution capture strategy (17) . After 3 rounds of library sorting, we identified 4 unique Fabs binding to the FL KcsA. To specifically select Fabs that bound to the C-terminal domain, we compared their binding to the FL and the truncated KcsA lacking the C-terminal domain (residues 125-160). Interestingly, of the 4 clones identified, only 1 showed significant binding to the truncated KcsA, suggesting that Author contributions: S.U., E.P., and A.K. designed research; S.U. and V.V. performed research; V.T., K.E., F.A.F., S.S.S., and S.K. contributed new reagents/analytic tools; S.U., V.V., S.K., E.P., and A.K. analyzed data; and S.U., E.P., and A.K. wrote the paper.
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the epitopes for the other 3 Fabs included the CDKcsA. We further characterized Fab2, Fab3, and Fab4 (Fig. 1A) , which showed single nanomolar affinity to the FL KcsA.
The FL KcsA Structure. FL KcsA-Fab2 crystals grew in the orthorhombic space group I222 and diffracted to 3.8-Å resolution. The structure was solved by molecular replacement using both the Fab molecule (PDB ID code 1FVD) and the tetrameric KcsA TM domain (1K4C) as search models. In the crystal, FL KcsA packs head to head with 2 Fab2 molecules bound to KcsA tetramer and a symmetry mate in a similar manner to that observed previously in the C2 crystals of the truncated form without a bound Fab (1BL8) (Fig. 1B) (2) . The rest of the lattice contacts are through an extensive set of interactions mediated through the Fab2 molecules and mainly involving the hinge regions connecting the variable and the constant domains. The initial maps indicated that the 4 copies of the C-terminal domain in KcsA tetramer were organized in an extensive 4-helix bundle. To guide our model building of the C-terminal domain, we introduced 3 SeMet residues in KcsA (Met-4, Met-96, and Met-154) (20) and collected single, anomalous, isomorphous data at Se-edge. By using the unambiguously defined position of M154 as a marker, we built the C-terminal domain model ( Fig. 1C; see Fig. S1 for stereo). Additionally, we made single Cys mutations at positions 119 and 126, respectively, and derivatized them with Hg ϩϩ . The strong Hg ϩϩ anomalous signals confirmed the register of the C-terminal helix in our model. The FL KcsA model contains residues 22-160 and is refined to R work and R free values of 0.27 and 0.33, respectively, at 3.8-Å resolution. Full refinement statistics are provided in (Table S1 ).
The overall architecture of FL KcsA molecule can be divided into 3 sections based on the degree of noncrystallographic symmetry among the subunits. The first section is the pseudofourfold TM domain that closely matches the conformation of its counterpart in the 1K4C structure ( Fig. 1D and Fig. S2 ) (3) . We term the second section (residues 118-135) the ''bulge helix,'' and unlike the rest of the molecule, it has twofold symmetry ( Fig. 1D) . From residue 136 to the C terminus of the chain at position 160, the 4 copies of the C-terminal domains are assembled into a canonical 4-helix bundle structure with pseudo-fourfold symmetry (Fig. 1D) . The N-terminal 22 aa could not be built because of intrinsic disorder, given the location of this region at the membrane-water interface (11) , similar to the structures 1BL8 and 1K4C.
The TM domain of the FL channel narrows down at Val-115, and the helices bend significantly, adopting a conformation parallel to the axis of symmetry that extends to the end of the C-terminal domain (Fig. 1D ). The stretch of helix connecting the TM domain with the 4-helix bundle section (118-135) is clearly bulged out and displays a higher degree of flexibility than the other parts of the channel, as judged by EPR data (Fig. 1E ). This flexibility may play an important role during the opening of the channel by providing the necessary mobility for the conformational changes that occur on channel activation (see Discussion).
The 4-helix bundle structure of the CDKcsA (residues 136-160) allows for the extensive set of ionizable side chains to decorate the surface of the bundle, and it is in agreement with the aqueous accessibility data from EPR NiEdda collision frequency measurements in membrane-reconstituted KcsA (Fig.  1F ), suggesting that Fab binding to the CDKcsA had a minimal effect on its conformation.
Structural Changes Caused by C-Terminal Domain Truncation. Despite its limited resolution, the FL KcsA structure allows for a comparison with the truncated version of the channel to establish overall changes between the 2 forms of the channel at neutral pH. It was clear from the early stages of refinement that the orientation of last Ϸ14 residues of the 1K4C structure (residues 110-124) was not compatible with that in the FL structure. To build this segment and to minimize bias, we used a series of omit maps to trace the helix from residue 110 to 124. These residues in the truncated structure are splayed out compared with their FL conformations. Superposition of the main chain C␣ between residues 60 and 100 in the 1K4C and FL KcsA models show that in the truncated channel, TM2 bends Ϸ15°starting at about residue L110 ( Fig. 2A) . As a consequence, the inner bundle gate is wider in the truncated channel as it exits the membrane on the cytoplasmic side, shifting the position of its narrowest region to residue T107, immediately before entering into the channel inner aqueous cavity (Fig. 2B) . Consequently, in FL KcsA, the narrowest point in the TM region is 2 helical turns down (Fig. 2B) , where the 4 Val-115 side chains are close to van der Waals contact. Together with residues at the preceding 2 turns of the helix (Ala-108 and Ala-111), this conformation creates an obvious hydrophobic barrier to ion permeation. This is consistent with other channels where hydrophobic residues form the constriction point of the pore (10, 21, 22) .
Structure of the KcsA C-Terminal Domain at 2.6-Å Resolution. Crystal trials using the FL KcsA and another synthetic Fab (Fab4) produced crystals in space group I4 and diffracted to 2.6 Å. Unexpectedly, these crystals were formed from a fragment of KcsA containing only the last 30 residues of the CDKcsA (residues 129-158), with 1 Fab and 1 C-terminal fragment in the asymmetric unit (Fig. 3A) . Molecular replacement using the Fab framework as the search model produced interpretable electron density maps that enabled the 30 residues to be built unambiguously (Table S1 ). This higher-resolution structure provided a detailed view of how the C-terminal 4-helix bundle is constructed. The core of the bundle contains sets of tightly packed, hydrophobic side chains starting at Tyr-137 (Fig. 3B ) and including Leu-144, Phe-148, Leu-151, and Leu-155, all pointing toward the core of the bundle with fourfold symmetry and a gradual opening of the bundle toward its N terminus (Fig. 3B) .
The bundle contains a set of H bonds formed by surface-exposed side chains that knit the individual helices together, as shown in Fig.  3C . Arg-147 plays a pivotal role in the interaction. It forms salt bridges with Asp-149 and Glu-152 and an H bond with His-145 from an adjacent helix (Fig. 3C) . A well-defined water molecule also mediates the interactions between Arg-147 and Glu-152 between adjacent helices. The presence of a His-145 opens the possibility that this arrangement could be perturbed at acidic pH, where these groups would have altered protonation states. This could help lower the energy costs of allowing some helix bending upon protondependent gating. However, present evidence suggests that the bundle does not change dramatically during gating (see below).
Although the same Fab surface is (in principle) available to bind and generate crystal contacts, Fab2 and Fab4 have similar but not identical epitopes. Fab4 binds to 2 adjacent C-terminal helices with no common amino acids, allowing for next-neighbor Fab-KcsA interaction. Fab2 epitope sterically overlaps with the C-terminal helix in the counterclockwise neighbor, with several overlapping residues in the biding interface, thus disrupting Fab binding to 2 of the 4 faces of the C-terminal bundle. The reason why the Fab4-KcsA complex only showed density for the C-terminal helical bundle is unknown. We suspect that perhaps the TM and bulgehelix regions were proteolyzed by unknown contaminants. Superimposing the C␣ positions of the independently refined structures of the C-terminal domain at 2.6 Å and 3.8 Å resulted in an rmsd value of Ͻ1.0 Å throughout most of the length of the C-terminal bundle. This argues convincingly that Fab binding does not structurally perturb the C-terminal domain.
The KcsA-Fab Interaction Interfaces. The structures of the complexes of FL KcsA with Fab2 and Fab4 show that Fabs make extensive interactions with the C-terminal domain of the channel. As expected from the amino acid bias in the phage display library, a major feature of the binding interface is interactions involving Tyr residues in Fab CDRs (Fig. 1 A) . For Fab2, 53% of the buried surface area involves Tyr; for Fab4, it is 35% (Fig. 4 A and B) . In CDR-H3, Trp is extensively used, appearing in 12% of the contacts in Fab2 and 20% in Fab4, even though it was represented in the library at only 3% (Fig. 4 A and B) .
A striking feature of KcsA interface (i.e., epitope) is that it is highly charged and characterized by a clustering of Arg residues at the binding interface with both Fab2 (51%) and Fab4 (52%). Asp is another major component, contributing 21% of the contact surface with Fab2 and 19% in the case of Fab4 (Fig. 4A and Fig.  S3A ). The binding C-terminal-binding epitopes to Fab2 and Fab4 overlap and involve many of the same side chain residues (Fig. S3B) .
Because of resolution issues, only the Fab4 interface can be analyzed in detail. Even though the Fab4 interface is rich in Tyr and Trp, many of the contacts involve extensive H-bonding interactions. In all, the interface contains a network of more than 25 H bonds, with many charged residues interacting with multiple H-bonding partners. Six water molecules are found in the interface and presumably perform a bridging function tying together hydrophilic groups from both molecules. Significant ring stacking is observed, as well as ring-Arg stacking. Fab4-CDKcsA interface is composed of a highly organized set of electrostatic and van der Waals interactions that demonstrate how specific reduced genetic codederived interfaces can be.
Fab Binding and KcsA Function. To establish whether the structures of KcsA-Fab complexes represent a functionally relevant state of the channel, we determined the functional influence of Fab binding. Unfortunately, KcsA-Fab2 complex turned out to be pH-labile, and it dissociates at pH 5.5 (from gel-filtration chromatography). This is not surprising, given the number of ionizable groups in Fab2-KcsA interface. In contrast, KcsA-Fab4 complex stayed as a monodisperse complex at pH 4, allowing for a series of electrophysiological measurements. In patch-clamp experiments with reconstituted KcsA-Fab4 complex, neither the chord conductance (Ϸ105 pS; ref. 23) (Fig. 5A) , nor the voltage-dependent modulation of the pore (Fig. 5B) (24) were significantly affected by Fab binding, in comparison with KcsA.
The effect of pH on activation and inactivation kinetics was evaluated by using pH jumps from pH 8 to pH 4 at Ϯ150 mV. Fig.  5C shows that the complex has an activation kinetics slightly slower than WT KcsA (7, 25) , but displays a 2-fold reduction in the rate of entry into the inactivated state ( ϭ 4.8 s) at positive potentials (there is no major effect at negative voltages). Moreover, we find a large increase in the steady-state activity of KcsA-Fab4 (Fig. 5C ). Although Fab binding to the C-terminal helix bundle does not appear to impinge on the channel's ability to open its gate, it somehow can exert a remote influence on the selectivity filter, enhancing the return from the inactivate state and thus enhancing steady-state open probability. The Fab-bundle interface is composed of helices from different channel subunits, so that a bound Fab should preclude large conformational changes in the Cterminal bundle. Indeed, binding of the Fab to the C-terminal bundle clearly stabilizes the fully closed conformation when compared with truncated KcsA. Yet, the bound Fab still allows the gate to open, strongly suggesting that Fab4 binding does not preclude the helical movements in TM2 necessary for activation gating. Therefore, we conclude that the C-terminal segment retains its 4-helix bundle structure throughout the gating cycle (Fig. 5D ).
Discussion
In KcsA, evidence for a C-terminal helical bundle protruding straight toward the cytoplasm first came from computational modeling of EPR accessibility and dipolar broadening data (11). This low-resolution model was later supported by neutron and X-ray solution scattering (14) and NMR approaches (15, 16) . Here, we have successfully determined the crystal structure of FL KcsA by the application of chaperone-assisted crystallography. The use of a novel combinatorial phage display library created by using a single antibody scaffold with a ''restricted amino acid diversity'' approach (17) proved to be critical to the present implementation of this methodology. This library has been used recently to successfully crystallize soluble proteins and structured RNA (17, 18) , showing not only the power and convenience of this approach, but also its versatility. In this project, in vitro phage display library sorting allowed us to select Fabs specifically targeted to the C-terminal domain of KcsA, presumably reducing its flexibility (11) . This induced rigidity, and additional crystal contacts afforded by the Fab chaperones were key determinants in improving the resolution of FL KcsA crystals, which ultimately led to solving the structure.
But could binding of the Fab perturb the structure of FL KcsA to produce a nonnative conformation at the site of binding? This issue has often been raised concerning the potential effects of lattice contact points and their influence on the conformation of the contacting residues (26, 27) . The debate is particularly contentious in the case of membrane proteins, which are known to exhibit a high degree of flexibility and where the crystalline lattice is typically generated in the absence of a membrane bilayer. Examples like the voltage-dependent K ϩ channel KvAP have generated fierce controversies regarding the role of Fab chaperones in stabilizing distorted, high-energy conformations (28) . However, in the vast majority of cases (see http://blanco.biomol.uci.edu/ MembraneProteinsxtal.html) there is now solid evidence to suggest that neither the crystallization chaperones nor the lattice itself exerts systematic distorting forces on target molecules. Indeed, thermodynamics argue against these processes introducing highenergy, nonnative conformations. What is typically captured is one of several low-energy states, perhaps not always the lowest-energy state, but a major one that exists among a family of conformations that describe the dynamics of the molecule at steady state. Any deviation from the native conformational ensemble and the lattice contact or the protein-protein interface is likely to pay the price of a lower affinity that matches the energy difference. In this work, we were able to estimate the extent to which the Fabs influence the C-terminal segment by comparing 2 crystallographically distinct structures generated with 2 independent Fab chaperones (Fab2 and Fab4; Figs. 1 and 3) . The 2 C-terminal helical bundles are nearly identical (between residues 131 and 158), strongly suggesting that the helical bundle in the FL KcsA structure represents a native, low-energy state. The limited effects of Fab4 on KcsA function (Fig.  5) further strengthen this interpretation.
In FL KcsA, the transition between the TM and the cytoplasmic helices is accompanied by changes in the level of internal symmetry of the bundle. The helical stretch (residues 118-135) connecting the 2 fourfold symmetric helical bundles, TM2 and C-terminal domain, is not only twofold symmetric, but conformationally different from the C-terminal bundle. This is likely an intrinsic property of the channel, but it could also be a consequence of the different stoichiometry in Fabs binding. Immediately below the inner bundle gate at position 115, the helices bend significantly and adopt a conformation parallel to the axis of symmetry (Fig. 1D) . This region clearly ''bulges'' out while displaying a higher degree of flexibility than the other regions of the channel (11) (Fig. 1E) . We believe that this helical segment may play an important role during the opening of the channel by providing the necessary flexibility for the conformational changes that occur during channel activation (see below).
Truncating the channel at position 124 effectively reduces this strain by allowing the helices to splay outward by about 15° (Fig.  2 A) . This helical rearrangement has a direct impact on the conformation of the closed gate. In the C-terminal-truncated KcsA, the narrowest segment of the permeation pathway, (about Ϸ4 Å in diameter; ref. 29 ) is located around position Thr-107 (Fig. 2B) . In contrast, the radius plot of FL KcsA indicates that the narrowest point along the pore is not only tighter (Ϸ2.5 Å in diameter), but is also shifted 2 turns of the helix to Val-115 (Fig. 2B) . At this position, the configuration of the side chains optimizes intersubunit van der Waals contacts, sealing off the channel. In the truncated channel, these interactions would weaken, changing the conformation of the gate and destabilizing the closed conformation. This suggestion is supported by 2 independent lines of evidence. First, truncation of the cytoplasmic domain of KcsA produces channels with reduced thermal stability (11, 12) , and it has also been associated with enhancing tetramerization efficiency during folding and assembly (13) . Second, in bulk flux assays, the steady-state 86 Rb ϩ flux at rest (pH 7) increases in C-terminal-truncated KcsA when compared with the FL channel (11) . Based on the present set of results, we propose that the structure of the inner bundle gate in FL KcsA represents a physiologically relevant closed conformation of the channel, an important consideration in future mechanistic and computational analyses of the closed state. Existing truncated structures (1BL8, 1K4C, etc.), although functionally nonconductive, could instead correspond to the very first steps in the transitions toward the open conformations. Indeed, a possible role for the C-terminal helix would be to exert a steric bias on the gate and the bulged helix region, tightening the inner bundle gate and therefore stabilizing the closed conformation.
Still, FL KcsA and the high-resolution CDKcsA crystal structures have allowed us to derive a detailed map of interhelix C-terminal interactions in the closed state of KcsA. The cytoplasmic domain (residues 137-158) has a canonical 4-helix bundle that buries hydrophobic amino acids while exposing the charged residues to solvent. H bonding between polar residues with salt bridges formed by charged residues from adjacent helices may be important for the thermal stability of the 4-helix bundle. These interactions would be prime targets for disruption by ionic detergents. Of course, the large difference in resolution between the truncated (2.6-Å) and FL (3.8-Å) structures could potentially decrease the structural significance of the comparisons described above. Nevertheless, these comparisons are helped by the fact that they involve long and relatively straight helices.
In addition to aiding crystallization, the synthetic Fabs were a powerful tool to probe the mechanistic role of the C-terminal domain during activation gating. The stability of FL KcsA-Fab4 complex at pH 4 was critical in demonstrating that Fab4 did not significantly affect activation kinetics. Because Fab4 epitope encompasses helices from adjacent subunits, these results are a strong indication that the cytoplasmic domain remains essentially intact during channel opening. This observation has several implications. It suggests that the cytoplasmic domain does not ''dissociate'' during activation, contrary to earlier proposals based on solution determinations (14, 16 ). This in turn implies that the close-to-open transition in TM2 must occur in concert with a rearrangement around the membrane-proximal, bulged helix region of the Cterminal domain, although not in the distal helix bundle segment (Fig. 5D ). If this is indeed the case, K ϩ should permeate through putative side windows created between residues 115 and 137, as has been suggested before in a variety of ion channels, including Kv channels (30, 31) and the acetylcholine receptor (21, 32) .
Interestingly, although Fab had a relatively minor effect on activation kinetics, inactivation kinetics decreased 2-fold, whereas the steady-state current (a reflection of the rate of inactivation recovery; ref. 25 ) increased 2-to 3-fold (Fig. 5C ). Given that in KcsA, inactivation occurs at the selectivity filter (7), at 50-60 Å, the remote Fab influence on the kinetics of inactivation hints at a subtler effect that might affect the degree of gate opening, and thus the coupling between activation and inactivation gates (33) .
Our results have important implications in the role of the cytoplasmic domain in activation gating. The structure described here will help establish the structural linkages between the TM and C-terminal domains in KcsA. The next critical piece of the puzzle will be to relate this FL channel structure with its open-state counterpart, setting the stage for a comprehensive understanding of how these channels open and close.
Experimental Procedures
Selection and Characterization of Antibodies Against KcsA. Library design, construction, and manipulation have been described previously (17) . KcsA was biotinylated by using EZ-Link Sulfo-NHS-SS-Biotin (Pierce Biotechnologies). Three rounds of selection were performed at room temperature. In the first round, 1 M biotinylated FL KcsA was immobilized with streptavidin-coated magnetic beads and then mixed with Ϸ10 13 cfu phages in 1 mL of buffer A (5 mM dodecyl maltopyranoside; 50 mM Tris, pH 8.0; and 150 mM KCl) supplemented with 0.1 mg/mL BSA. After 15-min incubation, the beads containing captured phages were recovered and washed 3 times with buffer A. In subsequent rounds, to eliminate clones that bind to streptavidin beads, amplified phages were first incubated with streptavidin beads for 15 min in buffer A, and the supernatant was then used in the subsequent selection with a Kingfisher magnetic particle processor (Thermo Electron Corporation) as described previously (17) . The concentrations of KcsA in the second and third rounds of selection were 100 and 10 nM, respectively.
After selection, individual clones were grown as described to produce phages for phage ELISA to detect individual binding clones (17, 34) . The amino acid sequences of clones that bound to FL KcsA but not to streptavidin were derived from DNA sequencing. Of the 12 clones selected, 4 were unique. Three of these Fabs were expressed and purified as described previously (17, 35) .
Crystallization and Crystal Cryoprotection. FL KcsA and Fab2, Fab3, and Fab4 (7 mg/mL) complexes were separately crystallized at 20°C. Fab2-FL KcsA complex produced rod-shaped crystals (0.1 ϫ 0.3 mm) by using a sitting-drop vapor diffusion method of mixing equal volumes of the Fab2-FL KcsA complex with reservoir solution [340 mM (NH 4)2SO4, 11% PEG 4000 (Hampton Research), and 100 mM Na 3C6H5O7, pH 5.6]. Crystals belonged to orthorhombic space group I222, with cell dimensions a ϭ 115 Å, b ϭ 177 Å, and c ϭ 339 Å, and contained 4 subunits of the FL KcsA and 2 Fab molecules in the asymmetric unit. Crystallization screening at 20°C for the FL KcsA-Fab4 complex was carried out by using a sitting-drop vapor diffusion method. Crystals (0.05 ϫ 0.1 mm) appeared after 2 weeks of incubation over a well solution containing 20% PEG2000 (Hampton Research), and 20 mM Bis-Tris propane, pH 7. Crystals belonged to the tetragonal space group I4 with cell dimensions a ϭ b ϭ 115.492 Å, and c ϭ 76.817 Å. Both I222 and I4 crystals were cryoprotected by passing through a series of modified well solutions with increasing amounts of glycerol. Crystals were directly flash frozen in liquid nitrogen. Details of data collection and structure determination are in SI Methods.
